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Micromagnetics. . .
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... Is the study, modeling and simulation
of magnetic materials and their behavior
at the nanometer scale.
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Why Computational v
Micromagnetics?

Disk Drives Nonvolatile Memory
Sensors Spintronics




Magnetic Disk Storage l'
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Quasi-Static Micromagneti!s
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Magnetization Dynamics
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Magnetization Dynamics

Time =X

u,H=36mT

P B o S S e e S S S S e e S S S 28 20 0 S 2 O O
e e e S S S 2 = S .
Pl e e o e e 2 20 2 S Y
O pS Pl e e e o e e 2 2 2 e P
Pl e e o o e S S 2 2 2 = = e
Pl alPalie o i o o 2 e e 2 2 2 = = S
Dl el o o L e 2 2 B e
AAXTYPD>>P>> P> P> P> > V¥

100 ps

L

ARV S C RO
e S S o o e e e o
— P P

MM S

t -
t2
tt
tt
tt
rt
t t
tt

i O SNO LV W VIR Y
pV VI VIR VI VI Vi o

t
t
t
t
%
%
t
'

VA AL AL AL AL AN

I A ANA

Koy

150 pS Koy
Kooy

K wwvowvievievey
K<y yyi
R

'L AAAAAN

v
\
\
\
\
\

o ' YOGV VW
PRRR R R
RERE R D"
N N NS —m—m—
NS ==y ¥ ¥
i i
XXX I N
AxXXIZIIAPN

‘
‘
‘
‘
'
'
\
\

pAAAII AN
rAAI I I
AAAIIr >
Ay

Micromagnetic Modeling — p.6/16



Magnetization Dynamics
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Time u,H=36mT
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LMAG

Micromagnetic Modeling
Activity Group

/\

Standard Public
Problems Code

Center for Theoretical and Computational Materials Science
http://www.ctcms.nist.gov/
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Standard Problems

Micromagnetic Modeling Activity Grou

Four Standard Problemsfor micromagnetics
http://ww. ctcns. ni st. gov/~rdm nunag. ht i

Check computed outputs against contributed solutions:

* Verify algorithms
* Compare methods

* Optimize parameters
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Standard Problems

Four Standard Problemsfor micromagnetics
http://ww. ctcns. ni st. gov/~rdm nunag. ht i

06 T T T T
Albuquerque et al.
04 McMichael etal. -
: Budaetal. -
Martinezeta. -~
0.2

Martins et al. F —

Example #4,
Switching dynamics:

0 0.2 0.4 0.6 0.8
Time (ns)




uMAG Standard Problem M
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uMAG Standard Problem !
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Public Code v

Portable, extensible,
public domain MG\-\/{)
programs & tools

for micromagnetics |

http:// mat h. ni st. gov/ oommf

* Graphical User Interface * Binaries and source code

* Windows and Unix °* Tcl/Tk and C++ based
modular architecture

* 1000+ downloads in 2001

* 150 page user’s manual

A



ublic Code

File

Help

Reload | Reset | Run | Relax | Step | Pause |

Fle Data Options Help
Stage : 107
Iteration : 2960
Bx {mT) : -35
Total energy (J) : 6.47e-18
Demag:Energy (J) : 5.35e-18
Exchange:Energy (J) : 1.47e-18
Max dmfdt {deg/ns) @ 437.734
: [
Ale X %1 Y2 Options Help
Oxs_TimeDriver::Mx
1 0x=s_TimeDriver::My
1000000 Oxs_TimeDriver::Mz 0.003
a A
) i1 1
m m
a00000 i . . -0.002
Simulation time (s) Ge-10

Problem: fhomefdonahue/magfoommffspinvalve.mif
Status: Run
Stage:l 107 |
Output | Destination [ Schedule |
Oxs_ExchangeGMgbr:Exchange:Field mmarchive <13975:2 > Send |
Oxs_FixedZeeman:Bias:Field mmDbDisp<13974:0> | J I_
Oxs_TimeDnver::Magnetization | v | -1 Step every |1
W Stage  every |1
] ] [ (] ] i [
Hle ¥iew Options Help
*z] 34| Arrow Subsample: 0 I Size:| 1.1
+x . o
-u/| Data Scale (Afin): |1400000 LI Zuum.|13.55

¥-slice (m):

1.440e-9 | ||




Specification
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References
« CTCMS:

http://www.ctcms.nist.gov/

* uMAG:

http://www.ctcms.nist.gov/” rdm/mumag.org.html

« OOMMEF:
http://math.nist.gov/oommf/

+ OOMMF User’s Guide, Version 1.0
M. J. Donahue and D. G. Porter, NISTIR 6376,
NIST, Gaithersburg, MD (Sept 1999).
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Brown’s Equations I'

Energies:

E exchange —

E anis —

E demag —

E Zeeman
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Magnetization Dynamics l'

Landau-Lifshitz-Gilbert:

dM —W AW
— = M x Heg — M x (M x H,
it~ 1o Her = gy Mo )
where
1 OF
e - _LOF
fo OM
w = gyromagnetic ratio

A = damping coefficient
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